Material degradation through corrosion is a major threat to any process industry. The losses due to corrosion can be either direct or indirect.
INTRODUCTION
Each metal has its own properties, such as density, melting and boiling points, erosion, wear and corrosion resistance, etc. Specific application of a particular metal imposes special constraints. It will not always be easy to identify a particular material to fulfill all our expectations. Going for a superior material will raise the design cost. Allowing for frequent shut downs for various reasons will affect production and thereby cost. Operating industries face a major threat because of this problem. Such a crucial circumstance can be averted to some extent by modifying the structure with a composite type of coating wherein a few microns of superficial layer will take care of the wear, erosion and corrosion resistance while the cheaper base Vol. 23, Nos. 4-6, 2005 Corrosion The thermodynamic favourability of a particular CVD reaction is analysed by calculating the transfer of free energy associated with that particular reaction AG°r = Σ AG°f products -Σ AG°freactants
The free energy of formation is not a fixed value but varies as a function of several parameters, which include the type of reactants, the molar ratio of these reactants, the process temperature and the process pressure.
The applications of thermodynamics to CVD systems in which the deposition of one particular phase is strongly dominant /17,18/ involve interrelating (a) the controllable experimental variables to (b) the fundamental properties of the system to (c) the chemical compositions and phase assemblages to (d) the deposition rates and efficiencies to (e) the morphological nature and crystallite size of the deposited materials.
The efficient application of thermodynamics to an experimental CVD system needs the clear definition of experimentally controllable variables, the properties of the process that can be calculated and the measurable properties of the system.
Experimentally controllable variables typically include (a) temperature (b) total pressure and (c) the ratios of the chemical elements in the input gas.
In addition to these thermodynamic variables, they also include the kinetic variables such as (a) total flow rate (b) system geometry and (c) substrate chemistry. Specific cases have been dealt by many authors /19-22/ by considering the CVD phase diagrams and they were able to optimize the process control of the CVD system by analyzing the efficiency diagrams.
KINETICS OF CVD
The sequence of events occurring during a CVD reaction can be summarized as follows /23/:
1. The reactant gases enter the reactor by forced flow 2. They diffuse through the boundary layer 3. They are adsorbed on the surface of the substrate where the chemical reaction takes place at the interface. Other events such as lattice incorporation and surface motion may also take place at this stage.
4. The gaseous by-products of the reaction are desorbed and diffuse away from the surface, through the boundary layer.
These sequences occur in order and the slowest one is the rate determining step. This can be determined by either a) the surface reaction kinetics, b) the mass transport, c) gas-phase kinetics.
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In the case of surface reaction kinetics, the quantity of reactant gases available determines the rate occurring at low temperature and low pressure.
The diffusion rate of the reactant gases through the boundary layer controls the reaction; it will be mass transport phenomena, i.e. at high pressure and The CVD structure can be either of columnar grains capped by a domelike top or of columnar growths with more facets or made up of fine equiaxed grains.
Designing or specifying the CVD coating reactor for a specific application requires knowledge of a number of factors. It is important to know the type of coatings to be applied, the style and size of the tools to be coated and the uniformity and quality of coating required.
Once the system is specified and designed, it is important that the process instructions are followed to produce the coating quality and production required. The reactant concentration, flow rate, substrate temperature, heating and cooling cycle, coating time and gas purity all have to be adjusted and controlled for specific type of coating.
CVD PROCESS
In general, the CVD process has the following four stages: 
Precursor compound and its vaporisation
The material to be deposited is taken in some easier form such as halides of metals, etc. The choice of precursor compounds depends on many factors including its volatility, purity, easy availability, vaporization temperature, etc. In some cases, the halides of metals have been formed in situ and used for deposition /26/. A more recent trend is to have a precursor in the form of an organometallic compound with the special features of high volatility and very low vaporizing temperatures /27,28/. The precursor compound is heated in a controlled manner to its vaporizing temperature so that the vapour will be available at a constant rate for deposition. An inert gas called the carrier gas will normally be bubbled through the vaporizing column so that the gas will carry away the vapour being generated.
Vapour transport mechanism
Once the vapour is generated from the precursor material, it has to be transported to the CVD reactor for subsequent deposition. This transport is normally achieved through a forced flow by precisely controlling the flow rate of the carrier gas. Normally an inert gas such as hydrogen, argon or nitrogen is used as carrier gas. The vapour transporting path is also heated and precisely monitored and controlled, normally to a temperature which is slightly less or equal to that of vaporizing temperature so as to prevent the vapour from condensing along the path. A mass transport monitor-cumcontroller can also be included in this section to evaluate the efficacy of the CVD system.
The reactor
In the CVD reactor, the substrate is kept at a temperature that is sufficiently high that the transported precursor vapor will decompose and form the required coating. Depending upon the requirement, the reactor may 
By product disposal system
Many CVD processes use precursors that are toxic and in some cases lethal even at lowest concentrations. Many precursors are also pyrophoric, such as silane, some alkyls, arsine and phosphine. Very often the reaction is not complete and some of the precursor materials may reach the exhaust unreacted. In addition, many of the by-products of the reaction are also toxic and corrosive. For example, deposition of TiC from TiCI 4 and methane gas will yield HCl gas as by product. This suggests that all the effluents must be eliminated or neutralized before they are released to the environment.
CVD Reactions
There exist several categories of CVD reactions, some representatives of which are described below:
Thermal decomposition or pyrolysis
Because of high temperature gradient, a molecule is broken apart into its elements Ex. CH3S1CI3 (g) • SiC (s) + 3 HCl (g)
Hydrogen reduction
Ex. S1CI4 (g) + 2H 2 (g)
This type of hydrogen reduction generally takes place at a lower temperature than the equivalent decomposition reaction. Another supplementary role is that the hydrogen used in these reactions prevents the formation of oxides.
Metal reduction of halides
Powerful reductants such as zinc, cadmium, magnesium, sodium and potassium are used for reduction as
Ex. TiCl 4 (g) + 2 Mg (s) • Ti (s) + 2 MgCl 2 (g)

Oxidation and hydroloysis reactions
Ex. SiH 4 (g) + 0 2 (g) • Si0 2 (s) + 2 H 2 (g) 
Reactions to form carbides and nitrides
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General Corrosion
Corrosion is defined as the wearing of a surface by chemical action. Virtually all the metals can be deposited over any metallic substrate. One can easily identify a more noble metal from the electrochemical series and have a deposition. The main problem posed by CVD is that the thermal expansion coefficient of the substrate metal and the coating metal should agree. In addition, the substrate should withstand the required deposition temperature. A corrosion resistant titanium rich deposit prepared by CVD at low temperature (<600° C) from Tris-(2.2'-bispyridine)titanium compound has been discussed by Morancho et al. 1491 .
CVD Borides for Corrosion Applications
Typical borides are HfB 2 , Mo 2 B 5 , NbB 2 , TaB 2 , TiB 2 , W 2 B 5 , ZrB 2 . Borides are relatively inert, especially to non-oxidizing reagents. They react violently with fluorine. Resistance of these borides to acids and alkalis is summarized 141. Borides are generally resistant to molten metals, at least to those that do not readily form borides.
CVD Carbides for Corrosion Applications
TiC has good resistance to sulfuric acid /50/. Deposition parameters controlling CVD of TiC on steel have been discussed by Derre et al. /51/. A passivating oxide layer is formed up to a potential of 1.8 V at which point the corrosion becomes very severe. TiC is also very resistant to sea water, neutral industrial waste waters and human sweat. TiC coatings by CVD are also presented /52/. Cr 7 C 3 is even more corrosion resistant and is used widely as a passivating layer. Carbides oxidize rapidly and they are also not resistant to molten slags and fused salts. Coherent layers of W 2 C with thickness up to 100 μπι and hardness of about 2300 V.P.N can be obtained by the reaction of tungsten hexa fluoride hydrogen and an aromatic hydro carbon in the temperature range 400 -700° C1531.
CVD Nitrides for Corrosion Applications
TiN, ZrN and HfN have high thermal and chemical stability. 
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to acids is generally good. BN is one of the most outstanding corrosion resistant materials. TiN is extremely resistant to sea water and human sweat.
CVD Oxides for Corrosion Applications
The refractory oxides such as alumina, hafnia, silica, titania and zirconia Erosion resistant coatings are also needed for leading edges of gas turbine blades and aluminide coatings achieved by pack cementation are used for this purpose. CVD Cr 7 C 3 replaces Ti(C,N) with much better thermal and mechanical shock resistance and erosion resistance.
Oxidation Resistant Coatings
Hard Overlay Coatings
